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METHOD AND SYSTEM FOR DISPLAYING TARGET ICONS
CORRELATED TO TARGET DATA INTEGRITY

Related Applications

This application claims the bepefit and prority of ponding U.S.
Provistonal Application Serial No. §0/243,193, filed October 25, 2000, and
pending 1.5, Pravisional Applicaiion Serial No. 60/217,231, filed July 10, 2000.
Technical Field

The present invention relates generelly to the field of air traffic
display systems. More particularly, the invention includes a method and system for
depicting an aixcraft or a ground vehicle on a display using 2 target icon which is
carrelated to the iniegrity of the ncuming data describing the vehicle’s position
and frack,

Backgroand of the lnvention

Sincc the dawn of aviation, pilots and aircraft designers alike bave
contwually sought new and bettor ways to augment and eorch the ptlot’s own
sensory percepilon with 4 variely of on-board and ground-based equipment, For
safe flight, pilots need information ebout the flight patl and the environment in
which his or Ger own ship is fiying Flight patk data includes position, track,
spead, and other navigatonal data, as well as a varety of information from the
pilot’s ownship, as it is called. Environmental data ingludes ieformation about the
weafhor, the terrain, and the position and track of ather aireraft in the vicinity.

The purpose of ownship equipment is to provide an aid to visual
acquisition, conflict defection, threat assessmenl, and conflict zvoidance.
Advanges in aviztion technelogy have vasily inereased the ameunt of informmation
that can be provided fo pilots. Multi-fanction cockpit displays such as a Cockpit
Display of Traffic Inforination (CDTI) may depict a wide variety of data, such as
air tralfic, ground traffic, weather, and terrain, at different times and in different
combinations, using # single scroc

The COTI is a meens of presenting surveillance information about
the surrounding treffic to the flight crew, Traffic includes aircrafi as well as
ground vehiclss or fixed obsituctions, The information presented includes the

JP 2004-503033 A 2004.1.29
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relative posifion of a target of interest. The term “target” refers to traffic that is
nearky the ownship and may be of interest 10 the Jight crew and other CDTI users.
Target data for the CDTI may be obfained from a varely of sowrces, including
Avtematic Dependent Surveillance — Broadeast (ADS-B).  Targets typically are
represented by displaying a selected icon on the CDTIL

One challenge presented by the wide variety of data available for
display on a CD'TT is the fact that different data may possuss different Jevels of
integtity. In this context, integrity is related to the probahility that the truc location
of an aircraft is ountside 2 certain volume of space defped by a containment
houndary that smrounds the three-dimensional position being broadcast. A first
aircrafl, for example, may be broadcasting its throe-dimensional pesition with high
inmegrity, whereas the data being broadcast by a second aircraft may have much
lower integrity. Displaying both aircraft with the samc icon may create the false
impression that the data supporting the position has equal integity.

Higb-integrity air traffic data is desired for safe flight, especially
given the inerease in air traffic worldwide. The imfegrity of the data about a
particular farget depends on several factors, including the timeliness of the latest
data (ransmiission and the accuracy of the position data within the signal
transmitied.

Different applications that make use of the traffic data en a CDTI
require different levels of data integrity. Target data rmay be used and processed in
 varicty of applications including, for example, & Coniliet Situational Awareness
{CBA) application axl a Range Monitoring (RM) application. Some applications
requirs and use only traffic data having a sufficiently high integrity.

Target datz integrily may also vary over lime, depending on the
charactoristics of a particular transmission. Data signal quality can improve or
degrade due to sutellite positions, sensor pesitioning, or sporadic sigoal reception,
In some instances, the integrity of the cwnship’s position data may degrade,
thereby affecling the ability of onboard applications to accurately movitor the
traffic situation.

Thus, there is a necd to raise the awareness of pilots and other uscrs
of air traffic monitoring data to the integrity of the duta supporting & target being
displayed. There is 2 related need to raise the awareness of pilots to changes in
data integrity.

There is also 2 necd for differenbinting between high-integrify and
lower-integrity target data to indicate which tarpets are suitable for use by a
particular application,

JP 2004-503033 A 2004.1.29
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There is still further 4 need for updating the traffic icon if and when
the target data’s integmity changes,
Summary of the Invention

The above and other needs are met by the present invention which,
in one embodiment, provides a method for determining the integrity of incoming
target data and provides 2 system for assipgning and displaying a target icon thal 15
correlated €o reflect the target data’s integrity. In a preferred embodiment, the
invention provides a set of farget icons which are correlated to target data integrity.
Such a set of icons should be capable of varying in color, size, shape, and/or other
characteristics such as being outlined or filled, or flashing or still, o refleet the
target data’s integrity.

It should be understood that integrity includes both an accuracy
aspect and a timeliness aspeot. Data from a target will not be assigoed a high
integrity unless it is both accurate and recent, Accurate posiiion data must be
meccnt to be religble. Likewise, recent pesition data must also be accutate to be
yeliable. In ane aspect of the invention, the systen compares the current time to the
time of measurement of the incoming position data.

Tnisgrity is rclafed to the probability that the ue position of an
aireraft is oulside an imaginary volume of space (defined by a contaimment
boundary) which surrounds the threc-dimensional position being broadeast. IE the
probability thaf the true position is outside the cantaimment boundary is high, then
the data accuracy is low and, thereforc, the integrily of the posifion dala ts low.
Conversely, if the prebability that the true position is ouwrside the containment
‘boundary is low, then the data accuracy is high and, accordiogly, the integrity of
the position dafa is high.

Components of the Systerm

According fo another aspect, the systerm of the prosent invention
campriges a compuier or other auiomated system for processing and implementing
the rules described herein in order 1o display aceurate and timely data on a cockpit
display. In one prefeed entbodunent, the system itself is housed within a Link
and Display Processor Unit (LDPU) which scrves as the deta link between the
signals received and the icons displayed,

In ane preferred embodiment, the system of the present invention is
in communication with a plurality of signal receivers, an LDPU, and a Cockpit
Dvisplay of Traffic Information (CDTI). Each signal receiver i3 configred to
receive & particular type of signal and communicate the data received to the LDPTL

3
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One of more signal receivers may be housed within the LDPU itself. Through the
signal receivers, position data is received about a plerality of targots.

The system. of the present invention is capable of processing ADS-B
signals broadcast hy targets of intercst and is also capable of interpreting other
types of signals, An AD3-B (Automatic Pependent Surveillance — Broadeast)
signal includes a variety of indicators, typically including a Typs Code, 2 time of
applicability, & pressure allitude, 2 latitude, and a lengitude,

The Type Code indicates the type of message being broadcast and
scrves as an aceuracy indicator of the data to follow. The Type Code may be used
to determins a value for the Navigational Uncertainty Category for Position
(NUCp). The NUCp value indicates a level of accuracy of the latitude and
longtiude coordinates included in the ADS-B position messags. For a target
breadeasting a transponder signal instead of an ADS-B signal, a Type Code may be
caleulated and then used to deferming ihe NUCyp value,

The time of applicability embedded within the ADS-B signal
wpresents the time when the position messurement was made.

Intesrity Monitoring,

Coe aspect of the present invention includes a sof of rules for
determining the integrity of the data being received about a farget. A target in this
context is defined as traffic that is nearby the ownship and may be of intcrest to the
user, Applying the rules to & set of measurable criteria determines whether the
integrity of the tatget data is high or low. High-integrity {argets are depicted on the
cockpit display using a certain icon, while low-integrity targets are dopicted using 2
different icon. lz one embodiment, high-integrity targets are depicted using a
pointed chevron, while low-integrity targets are depicted using a rounded bullet.

In another aspect of the present invention, applying the rules to
determine integrily conlinues in time, displaying changes in the icon displayed
which are intended to communicate changes in signal integrity. In other words, the
data integrity is continually momitored for changes in order o provide cwrent
information 1o the user in the form of specific icons reflecting any change in. data
integrity. Changing the target icon alerts the flight crew to changes in data
integrily, Changing the target icon also alerts the flight crew to the fact that 2
target moay no longer be of sufficient integrity to be monitared by the conflict
detection applioations.

JP 2004-503033 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(22)

WO 0T05245 PCTIUSOTIAITZ

20

25

30

Target Status Transitions

In ong aspect of the present izvention, sach larget is assigned a
status, Target status s contimuzlly updated fo reflect changes in staius known as
transition events. Target status is changed in response to a transition event if and
whett certain legic and timing constraints are satisficd. Whon target stalus changes,
the system of the present jnvention changes the target icon used fo display the
target.

Target status begios with the “Acquive” state when the target data 18
first received, and ends with the “Drop™ state when the tarpet data is lost. A varisty
of fransilion events may eccur while a target is being monitored. In one aspect of
ihe presont invention, a speeific farget icom is used to represent each specific
transition event in order to elert the user to changes in target status.

The farget icons of the present invention are designed to convey the
ourrent target status and whether the target hes wndergone a transition event. In an
important aspect of the present invention, each farget icon also conveys the farget’s
position data infegrity. A transition event associated with, or caused by, & change
in position data integrity is of particular importance to pilots and other users of @ix
iraffic monitoring applications.

Target Acquired

In one aspeci of the presont invention, when one of the signal
recelvers receives data from a now source, the system of the present invention
ussigns a fargel slelus of “Acguire” to identify the new target. Tho inventive
systern immediately analyzes the intogrity of the dala embedded within the new
target signal, using certain logic and fiming constraints, in order to assign the
appropriata target icon.

Geneszlly, if the target data mlegrity is high and the ownship’s data
integrity is high, then the new Ligh-integrity target is depicted using a pointed
chevron icon. If, however, the target data integrity is low or the ownship’s data
legrity is low, then the new low-integrity target is depicied using a rounded bullet
icon. Airbore targets are cyan in color, while ground targets are fan in color.

More sperifically, the integrity of the target’s position is defermined
by analyzing the data within fhe signal. The Type Code within an ADS-B signal is
a fitst indicator of the acclracy of the data. In one aspect of the present invention,
the Type Code is mapped to a particalar value for the Navigational Uncertainty
Category for Position (NUCp). The NUCp value inclicatcs a level of integrity of
the lstiude and Jongitude coordinates included in the ADS-B pesition message.
The NUCp value is defined as the radius of a circle in the horizontal plane

5
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(specifically, in the local plane tangent to the WGS-84 ellipsoid), with ifs center
heing at the true position of the tavget, which describes the region which is assured
te vontein the indicated horizontel positien. The probability that the indicated
position lies outside fhis circle is 1 times 107 per flight hour. Because integrity is
atso affected by the timeliness of the dala, the time of applicability embedded
within the ADS-B signal is also used io determine data integrity.

In ome preferred aspeet of the mvention, the integrity may be
detepmined to be high if and when the following logic and fiming constraints are
satisfied: (1) the NUCp value miicates a horizontal containment radiug of one
nautical mile or less; {2) the ADS-B message jnoludes valid position and velociiy
informalion; and, (3) the time of applicability, when compared to the current time,
indicates that the most recent ADS-B message was received within the last five
seconds, Targets not mesiing these requircments are desigoaled as having a lower
level of integrity.

1t should be understond that the values associated wilh the integuity
analysis, such as the horizontal containment limit of ong nantical mile and the time
limit of five seconds, may in a preferred erabodiment be adjusted by the user or by
the system, depending upon the monitoring application io be exceuted against the
target, For example, a Range Mouitoring (RM) application may require a fime
Jmit of three seconds mn order to accurately monitor a target of interest. The
system of the prescnt invention is preferably capable of adjusting the tme limit to
accommodate the needs of various applications.

Qwnship Statug

In amother aspect of the present invention, the user’s owmship
position data integrity is alse continuously monifored. Accurale ownship data is
important o safe flight becavse it is compared to target data when delermining
whether a potentizl conflict between aireraft cxists. Thus, if the ownship position
data has 2 low level of integrity {poor qualily andfor poor timeliness), then the
targets are digplayed with target icons representing a lower level of integrity, In
one cmbodiment, the ownship is displayed using a white triangle icon. The colos
whits 15 alse fypically used to display the ownship’s track, distance range markings,
and airport reference identification codes.

Moreover, as described above, the determination of target data
integeity also depends wpon ownship date integrily, Ownship data integrity is
impertant in the operating eovironment of the inveniive system becauss an overall
air traffic monitoring system may imclude conflict detection applications that
compare target data lo ownship data. In applications such as Conflict Situational

G
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Awareness (CSA) and Range Monitoring (RM), the results of the internal conflict
detection algorithms are not sufficiently reliable unless the targei data has lugh
integrity and the ownship data has high integrity.

In a related aspect of the system of the present invention, the target
jcon may change in responso to a change in ownship data infegrity. Displaying
target icons that also reflect ewnship duta integrity {s an important teol for pilots
and other users because, in practice, they are relying on the accuracy of the conflict
detection algorithms for safe flight.

It should be understood, howsver, that the present invention may be
ubilized net only where the ownship is an zircraft aloft or en the ground, but alse
where the ownship is @ ground vebicle, a stationary monitering station, or another
fixed location. Of course, the data describing a fixed ownship locatiom would
typically have a high inteprity.

Iinprove/Degrade

In another aspect of the present invention, the sysiem continuously
monibors target data integrity and target status. An important transiion event
affacting data inteprity is the loss or degradation of an incoming target signal. In
one embodiment of the inventive system, the target icon changes if and when target
data inteprity degrades for a period of five seconds {or when ownship data integrity
deprades for a petiod of five seconds). For example, in one preferred eubodiment,
an airborne high-integrity target displayed by a cyan chevron would change to a
eyan bullet icon in response to a data integrity degrade.

In auocther aspect of the invention, a change of targel icon may be
sccompanied by an audible alert message. For example, when target intsgrity
degrades, an audible alert such as “Target Degrade’™ may be sounded to alert the
user (in addition to and associated with the change in the skape of the target icon
from & chevron to a builet). Similarly, in a related aspect of the invention, a change
of target icon may =lso be accompanied by a fext message on the screen. For
example, when targot integrity degrades, a toxt message such as “Target Degrade”
or “TGT Degrade” may be displayed to alert the user,

Likewise, the re-acquisition or improvement of a target signal is
sensed by the inventive systetn. Tn one embodiment of the inventive system, the
target icon changss if fargst datu integrity improves and has not degraded for &
period of three seconds, pravided, liowever, that ownship data inlegrity has either
improved or has not degraded for a period of three sceonds and no coxnflict alert
condition has existed for more than two seconds.
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Other Changes in Target Ieog
Tt ghould be understond that fhe inventive system of changing the

target jecn in response to changes in data infegrity may be vsed in an overall
system of air traffic monitoring and conflict detection that necessarily invelves
changes in iarget jcons that are untelated to data integrity. For example, the pilot in.
¢ertain montoring systems may select or de-select a partioular target on the display
to learn more about ifs status. In one system, for example, the taryet icon color is
changed to green and the target icon shape becomes filled when the target has heen
“seleeted” by the user. While the target icon may change in response fo being
sefecled ot de-selected, this change does not reflect a change in data integrity.

Also, the siarting and stopping of certain conflist detection
applications snch 2s CSA and RM, in certain systens, may also invelved a change
in the target icon displayed. In one snch systeun, for exampls, the target jcon colar
is changed to vellow and the target icon flashes while a conllict detection
application is being applicd against a farget.

Furthermore, changes in target lcon may occw in certain systoms
when a conflict detection application is being applied against a targat that has also
been “selecied” by the user. Tn one such system, for exunple, the target icon eolor
is changed to yellow, the target icon shape bacomos filled, and the target icon
flashes while a eonflict doteetion application is being applied apaiost a “selected”’
target.

Finally, it ahould be undorstood that the target icon is typically
removed from the display when a target signal is Jost for a pertod of tinze.

[ an importani aspect of the present invenlion, the system of
changing (arget jcons in correlation with changes in data integrity is fuither
designed to work in concert with other traffic monitoring systetns without creating
confusion or delivering misleading information about data infegrity. The target
jcon atfribwies in a preferred embodiment of the invention consist of shapes, sizcs,
colors, and/or other icon conditions that complement e standardized target won
atiributes already in use to depict targets of interast.

Groond Targets
According to another aspect of the present invention, for targets on

the ground, surface vehicles may be shown vsiog a tan square icon. Aircrafton the
ground may be shown using a tan chevron, markedty smallce than the chevron used
for airhatne ircraft. When the position data from 2 ground {arget is not valid, then
the targei may be displayed using a tam circle icon. Stationary ground targets such
as teibered pole towers may be shown using 2 tan caret jeon.

g
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Adjustable Criteria

According to another aspect of the present invention, the criteria
uged to determine the integrity of incoming tarpet data may be adjusted either
manually by the user or automatically by a different air traffic monitoring
application. In ane preferred emboediment, the upper and tower limits applied 1o
any element within the incoming signal, such as the Type Code or the horizontal
contwinment [imif or ike time limit, may be adjusted to rccommadate the needs of
the particular application. Thus, crabodinments of the present invention
provide a methed for detenmining the integrity of ineoming farget data apd 2
system for assipning and displaying a target icon comelated to the target data
integrity. Embodiments of the present invention further provide a method for
adjusting the criteria against which incoming target data is measured for inteprity.
Bmbodiments of the present invention further provide a method and system for
determining when & tsrget signal undergoes a ransition of sufficiont magnitude to
warrant & change in the cockpit display. Embodiments of the present invention
provide a method and system for changing the target icon when and if the target
data integrity chenges. Thus, embadiments of the present invention provide
distinct advantages in displaying corelated target icons on a cockpit display.

Brief Deseription of ihe Drawings

Fig, 1 is a dinerawmatic llusiralion of the components of ane
embediment of & traffic monitoring and display system, including a Cockpit
Display of Traffic Informatton (CDTI) 30 which receives and exchanges
information with a Link and Display Processor Unit (LDPU) 40.

Fig, 2 is an extended state trapsition diagram showing the various
larget states end target status transitions. The circles represent the different target
statos, such as the Acquite state 120, The arrows between the different statcs
represent a fransition in target status, such as the Info Improve transition 272,

Fig. 3 is a simplificd diagram showing the components of one type
of ADS-E aithorne position message 83, including the Type Code 84 which is used
o determinc the NUCp B0.

Fig. da shows a display 32 of target information including two
targets and their positions relative to the ovmship 100,

Fig. 4b shows ihe display 32 of Fig. 4a, at a later time, after a
change in target status and 2 corresponding change in target icon has pceurred.
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Detailed Description of the Preferred Embodiment

Reference will pow be made te the drawings, in which like
rmmerals indicate like elements throughout the several vicws.
The Multi-Function Cockpit Display

Fig. [ is a diagrammatic illusteation of the components of a fypical
traffic monitoring and display system. The ownship 100 may be an aircraft sloft or
on the ground, & gronnd vehicle, or a stationary monitoring station. The owaship
may broadeasi its position data 110, The target 200 may be an airerafi zloft or on
the ground, a ground vehicle 200a, or a ground obstruction 200k such as 2 building
or a tethered pole, Target posilion data 216 may be broadeast from the target 200
or [rom another source such as ground radar surveillance. For example, the target
200 may broadcast position data 230 in the form of an ADS-B signal, whereas the
position data 210 aboul 4 target 200 operating in TIS (Traffic Information System)
mode may be broadcast using ground radar,

The multi-function cockpit display shown in Fig. 1 is a Cockpit
Display of Traffic Informtation (CDTL} 30 and it is generally capable of depicting a
wide varicly of data, including air traffic, pround traffic, weather, and terrain, 2%
different times and in different combinations, on a single display 32. The CDT! 30
includes & control panel 34 which acis as an interface with a user. The CD'TT 30
receives information frora a Link and Display Processor Unit (LDPT)) 40, as wel)
a5 a weather rader signal 52 and 2 Teyrain Awareness Warning Syslem (TAWS)
54, Techniques for showing various visual features on a CDTI are well known ta
those skilled in the art.

The system 60 of the present invention may be housed in the LDPU
44, In one aspect of the preseut invention the system () comprises a computer or
other automated system for processing and implementing the rules described herein
for displayiog target icons cormelated to target data integrity. Preferably, the system
640 is in copnmunication with the CDTI 30 and the LDPU 40 and its components.

In ancther aspect of the present invention, the systom 60 analyzes
target data infegrity continuousiy, from a plurality of targets. Incoming larget data
may be stored ip a iarget file having a series of database records and accessible te
the system 60 and organized in a manner known fo those skilled in the art. The
system 60 may he configured to access both current and older records when
assessing whether a change in target data integrity has ocouwrred, The target file
accessed by the system 60 may also be configured to siore and vetrieve pther
characteristics of interest about a plurality of taxgets.

10
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The LDFPU 40 includes and is linked with a variely of receivers
capable of recciving and interpreting a variety of signal types. In one preferred
etnbodiment, the LDPU 40 gathers information using a 1090 Receiver 42, 2
Universal Access Transceiver (UAT) 44, a Global Positioning Satellite (GPS)
Receiver 46, 2 Mode § Transpounder 48, and a VDL Mode 4 Receiver 50. Each of

these receivers acquires information using ane or morc antennac 56.

Target Status, Target legns, and Tavget Status Transilion Events

Referring now to Fig. 2, the following explanation of the target states
shown will begin with the double-cireled “Acquirg™ state 120 in the vpper right
quadrant. When  target 200 is acquired, the target position data 210 is analyzed to
determine whether the target dala inteprity is high or low. Bach target 200 is
assigned a status, represented by the circles in Fig, 2. Target statms is contimiously
updated to reflect changes in status known as fransition events, represented by the

arrows hetween the circles in Fig, 2. Target status is changed 0 response fo 2

raosition cvent if and when cerigin logic and timing comstraints arc sutisfied.

When target status changes, the system of the present invention changes the target
icon used to display the farget 204.

Target stafus is represented by the circles in Fig. 2. The present
nvention provides a method and system for displaying a speeific target icon that

corresponds fo a particular target siatus. In a preferred embodiment, as showm in
Table 1 belaw, the following types of target statue are correlated to a specific target

icon..

Table 1.
\ . Location,
Target Status on Fig, 2 Target Icon
Normel ADS Target 139 top oircle | Bolid Cyan Chevron {airbome targef)

Solid Tan Chevron {ground target)

A.V.A. ADS Target 140 center | Solid Cyun Bullet (aitborne target)
Solid Tan Bullet (ground target)
Sclected ADS Target 150 left oirele | Qutlined Cyun Chevrou {airhome target)
Outlined Tan Chevron (ground target)
Selected ADS CSA Target 152 | bottorm | Yellow, Qutlined, Flashing Chevron
cirele
ADS CSA Target 154 Tight | Yellow Flashing Chevion
cirele
11
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Befering briefly to examples of » few of these target icons, Fig, 4a
shows two solid chevron target icons 20a, 20b on a display 32 relative to the
ownship 1. Pig, 4b shows the same targets, at 3 later time, after undergoiny 2
imsition info a solid bullet farget icon 22 and an outlined chevron 24, respectively.
The transitions cavsing the particular change in target icon are discussed belows,

Retuing (o Fig, 2, the arrows between the different fargel states
represent a transition in target status of sufficient magnitude ta warrant a change on
the cockpit display 32. ‘The targe! 208 undergoes a transition 17 and when; (1} an
event associated with a fransition in targst status occurs; and, (2) the logic and
nning constrainis associated with the event are satisfied. The prescot invention
changes the target icon in corrclation with the particular transition event, a3 shown,
in Fig. 2 and in Table 2, below,

The display of sirborme target states versus ground fargel states by
the system 69 of the prosent invention is also depicted in Big. 2. If gither the target
200 or the ownship 160 is on the ground, Ihe larget status Temains in ong of the
states shown above the disgonal dashed line in Fig. 2.

The transilion arrows labeled *Pilot Select™ 240 and “Pilot De-
Select” 242 refer to the change in status caused when a pilot or other user
optionally “selects” or “de-selects” 2 high-integrity ADS target 200 in order to
display additional information sbout it. Selected largots are shown in Fig. 2 in the
lower and left parts of the quadrant, while de-selooted targets arc shown in the
upper and right parts of The quadrant.

Table 2, below, may be used when referring fo Fig. 2. Table 2 lists
and describes the actions that occur and affact the states of a target 280, with logic
end fiming constraints, the comresponding transition evemt label, and the
correspending change in the display including changes in the target jcon. The
‘tausition events in the center colunn may be cornrelated to 1he arows shown in
Fig. 2,
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Table 2,
Actions, with Transition Event .
Row Logic & Timing Constraints (See Fig. 2) Display Change
1 jAcquire new tazget 200, Enter Acquire state | INo action.
120
2 | 1. Target dafa integrity is New Targcet 1. Add target 260 1o
high; AND fransition 220 1o target file,
2, Ownship data integrity is | Normal ADS Target | 2. initiate CSA against
high. state 130. target 200 if airborne.
(High Data Quality) |3. Display target icon
(such as sobid ehevron
20a in Fig. 4a).
3 | 1. Target data integrity is New A VA Torget | 1. Addtargei 200 lo
low; AND transifion 222 to target file.
2. Ownship dafa integrity has [ A.V.A. ADS Target |2. Do not initiztc CSA
been low for al least § state 149, against target 200.
seconds. (Low Data Quality) | 3. Display target icon
{such as solid bullei 22
in Fig. 4b).
4 | 1. Target data integrity Seme Condition Mo action.
remains the same, AND P
2. Ownship data integrity
remains the same.
5 |Pilot selects a target. Pilot Select Change target icon (for
transition Z490. example, frors a solid
chevron 20 in Fig. 4a
10 an outlined chevron
24 in Fig. 4b).
6 | Pilot de-selects a selected Filot De-Sekect 1. Change target icon.
targel. trapsition 242, 2. Resstthe
zcoumulated range it
period.
3. Turn off RM.,
7 | 1. Target 200 awbome; AND |CSA Alert transition | 1. Sound an audiblo
2. Ownship 100 airborne; 250, alert: “Tralfic, Traffic.”
AND 2. Display a text
3. Detect CSA alent condition message (pptional),
for 2 seconds. 3. Change target icon.
8 |1, Target 200 is on the De-CSA transition | Change target jeon.
ground; OR 152
2. Qwnoship 100 is on the
ground; OR.
3. Detect no CSA alert
condition for 5 seconds,
13

JP 2004-503033 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 0T05245

G

TOT/USOLRTZ

Tahle 2.
Actions, with Transition Event .
RoW | | opic & Timing Constraints|  (See Fig. 2) Display Change

9 I1. Targst 200 zitborne; AND | RI Alert transition [ 1. Sound an audible
2. Ownship 100 airborne; 260. alert: “Target Range.”
AND 2. Display a text
3, Detect range limit against message {optional),
the selected target for 3
scconds,

i0 |I. Target 200 fransitionsio | No-RI {ransition No action.
the ground; OR 2162,

2. Ownship 200 on the
ground; OR

3. Detect no rauge limit
against the selected target for
3 secands.

11 | 1. Target data integnty Info Deprade Change targel 1con (for
degrades for 5 seconds; OR. | transifion 270. eximple, [rom a solid
2. Qwnship date integrity chevron 20a in Pig, 4a to
degrades for 5 sgeonds. a solid bullel 22 in Fig,

4bJ.

12 | I. Selected target data Selected Info 1. Sound an audible
integrity degrades for 5 Degrade fransition | alert: *“Target Degrade.”
sceonds; OR 280, 2. Display a text
2. Ownship data integrity message: “TGT
degrades for § seconds. Degrade.™

3. Change target icon,

13 | 1. Targer data integrity has | Info hoprove Cliange target 1con (for
not degraded for 3 seconds; | transilion 272. example, from u solid
AND bullet 22 in Fig, 4k te a
2. Ownship data integrity has solid chevron 20a in Fig.
not degraded for 3 seconds; 4a).

AND

3. Deteet an aleri condition of
less than 2 seconds OR detect
ne alert condition at all,

14 |1, Target data intogrity has Info lmprove & 1. Sound an andible
net degraded for 3 seconds; CSA Alert transition | alert: “Tralfic, Traffic.”
AND 274, 2, Chauge target icon,
2. Ownpship data integrity has
not degraded for 3 scconds;

AND
3. Deteet alert condition for 2
seconds.
15 |Target lost for 5 seconds. Info Lost transition. | Delete target 200 from
220 to Drop state the tacget file.
| 122.
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Referring agnin to Fig, 2, the initial iarget state for a neswly acquired
target 200 is the double-circled Acquire state 120 shown in the upper right
quadrant. The acquisition of a new target is describsd in Row 1 of Table 2. In onc
aspect of the inventiop, the integrity of the target posiiion data 219 1s immediatcly
determined by analyzing data within the incoming signal.

In one aspect, the system 60 of the prosent invention is capable of
processing target position dafa 210 to determine target data integrity by interpreting
&n ADS-B signal 83 or a variety other types of incotning data signals. The NUCp
value B0 indicates the level of accuracy of the latitude 81 and longitede 82 included
in the target position data 210, If the target position data 210 is an ADS-B signal
83, shown in Fig. 3, then the Type Code 84 embedded within the ADS-B signal 83
is un indicator of the accurscy of the targe! position data 210. The Type Code 84
corresponds to a paticutar NUCp value 86. The target position data 210 also
includes a tiwe of applicability 85 which indicates precisely when the position
measurement was made. The ADS-B signal 83 also typically includes a umique
identifier for the target 200,

In one aspect of the jnvention, the target data infegrity is high if: (1)
the NUCp 80 indicates & horizontal confainment radius of onc nautical mile or less;
{2) the target position data 210 includes valid position and velocity information;
and, (3) the Hime of applicability 85 indicates that the most recent target poaition
data 210 was received within the last five seconds, Targets 200 not meeting this
criteria are designated g5 having a low fareet data integrity. In one embodiment,
high-integrity targets are depicted using a pointed chevron 20a, 20b as shown jn
Fig. 4a, while low-integrity targets are depicted vsing a rounded bullet 22, as
shown in Fig. 4l

In another aspect of ihe present invention, it should be undersiond
fhut the rules for determining target data intcgrity continue in time, displaying
changes in the target jcon. that are intended to conwmunicate changes in the data
integrity. In other words, the data integrity is continually monitered for changes in
order to provide cument infermation to the user in the form of specific icons
teflecting any change in. data integtity. Chapging the farget icon alerts the flight
crew to changes im data intcgrity. Chanpging the target icon also aleits the flight
crew o the fact that & facget roay mo longer be of suificient integrity to be
monitored by the conflict detection applications.

In the preferred cmbodiment of the invention, the user’s ownship
data integrity is also continucusly monitored. Table 2 describes the vse of
ownship data sutegrily in fhe logic and timing constraints to determine whether 2
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transition event kas ocourred with respect to a particolar targol. For zpplications
where the ownship 100 is an zircraft eloft, ownship datz ntegrity is imporient
because the traffic monitoring and conflict alert applications utilize the relative
positions between a moving ownship 108 and a target 200. When considering
ownship data tn the context of all the potential uses of the present invention,
however, i should be understood the ownship 100 may be an aircrafl aloft, an
aircraft on the ground, a ground vehicle, a stationary monitoring station, or anothar
fixed location,

Referring now to Rows 2 and 3 of Table 2, the target data integrity
determines which transition event fakes place and which target state s achieved.
Targets with high target data integzity (Row 2) undergo a New Target transition
220, represented by the “New aow in Fig. 2, and are displayed in the “Normal
ADS Target” state 130, shown. in. the circle ot the top of Kig. 2. Conversely, targsis
with lowgr target data integrity (Row 3) undergo a New AV.A. Target transition
222, represented by the “New AV.A” arrow in Fig. 2, and are displayed in the
“A VA ADS Targei” state 140, shown in the cirele at the center of Fig. 2. The
acronym AV.A. (Ald lo Visnal Acquisition only) deseribes target position data
210 having a gencrally Jower tarpet data integrity.

Referring now to Row 4 of Table 2, the display does not change
while the target data integrity and ownship date infeprity remain the same. The
transition referred to as Same Cendition 230 on Fig. 2 is represented by @ Jooping
arrow that returns o the current target state, indicating no change in status or
display.

Rows 5 and 6 of Table 2 show the transition events and display
changes that occwr when 2 pilot or other user selects or de-selects a target 200. In
certain air traffic monitoring systems, the user may select or de-select a particufar
farget 200 of nterest on the display 32 using the control pane} 34 (see Fig. 1) fo
learn more abont the selocted target position data 210. The Pilot Sclect transition
249 15 depicied on Fig. 2 as artows peinting downward and to the left. Te indicate
thaf ihe user has selected # target 200, the tarpet con changes. [n one system, for
sxample, the target icon coler is changed to green and the target icon shape
becomces filled when the targst 200 has hecn selected by the user, Whils the target
icon may change in response ta being selectud or de-selected, this chauge does not
necessarily reflect a change in target data integrity. The charecterisiic or
appearance of the joon communicating target data integrity does not change when
the appearance changes to show selection or de-selection.

JP 2004-503033 A 2004.1.29
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Figs. 4a and 4b show the change in target icon that ocows in
response to the Pilot Select trunsition 240 of Row 5, Table 2. A high-infegrity
target of interest is dopictad using a solid chevron 20b in Fig. 4a. The sarue target
is shown in Fig. 4b, at a later time, after being selected by the pilot or user and
undergoing the Pilot Select transition 249, as an outlined chevron 24,
communicating visually the fact that the farget bes beon selected and (hai it remains
a high-infegoty target. It 15 -important to understand that the chevron shape
communicating the high target date integrity of the target was not altered by the
pilet select evenl Thus, it may be scen that the icon attributes of the present
invention do not interfere with the atributes in use ta communicate other siatus
changes, such &s pilot select and de-selact,

The Pilot De-Select transition 242 is deseribed in Row 6 and is
depicted on Fig. 2 as arrows pointing upward and to the right. To indicate that the
user has de-selected a target 200, the target icon changes. Yo one system, for
example, the targef icon celor and shape are simply restored to their condition
hefore being sclected by the vser.

Multiple Visual Cues from the Tarpet Icon
Tt shondd be understood that the transition events listed in Table 2

and shown as armows in Fig. 2 may occur in any order and at any time. Because of
the nunber and variety of possible target statcs, as well as the transition events
between and among fhe varicus target siates, the tarpet icon is tasked with
communicating & wide assertment of target information to the user.

Among the target information being communicated by the farget
icon is the target data integrity, as determined by ome aspect of the prezent
invention. The target icon has a number of aliributes suscepiivle to change,
including shape, size, color, and other characteristics such as being outlined or
filled, or flashing or still. In one aspect, the system of the present invention
changes one or more atiributes of the target icon in cerrelation with changes in
target data inteprity.

TIn an overall air itaffic monitoring environment where standardized
target icons may he already In use, it is an important aspect of the present invention
that the Inventive target icon attributes are designed to wotk in concert with
existing target icon attributes. The target icon ajiributes io be altered by the present
invention to reflect changes n data integrity will complement existing target jcon
attributes without interfering with the other target information or characteristics to
be commmnunicated.
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Tt should also be understood that the target icons and the (ransition
events tn which they comespond are priontized to ensure the accurate and timsly
display of the data most seeded for safe fight. For example, 2 target icon might
nat he displayed due to filtering criteria such s alitnde filicring, air versus ground
filtering.

Conflict Detection Applications

Many air traffic monitoring systems include conflict detection tools
such as a Conflict Sttuational Awareness (CSA) application and/or 2 Range
Monitoring (RM) application. The starting and stopping of CSA and RM, in
certain systems, may also result in a change of the target icon. Similarly, the
identification of & potential conflict between airerafi may cause an alert condition
and u further change of the target icon.

Rows 7 and 8 of Table 2 describe the logic and timing constraints
associated with on aleri predicted by the CSA application. The CSA Alert
transition 250 is depicted in Fig., 2 by arrows pointing downward and ta the righ,
In addition to wad associated with the change in target foon by the preseut
invention, a CSA Alert may be accompanicd by an audible alert such as, “Traffic,
Traffic” and a text message on the display 32.

In an ilustration of the varicty of possible larget states, the CRA
Alert can result in twe different tacget states, depending upon whether the target
has besn selected by the user. The selected C8A target state 152 is represented by
the circle at the bottam of Fig. 1. The de-selected CSA target state 154 is
represented by the circle on the right side of Fig. 2.

The De-CSA. transition 252 that takes place when the CSA alert has
ended is described m Rew 7 and is depicted on Fig, 2 as arrows pointing upward
and io the left. Depending, again, upon whether the target has been selected hy the
uscr, the selected target returas to target state 150 as represented by the circle on
ihe lefl side of Fig. 2. The de-selected tarpet returps {o normal targel state 130 as
represented by the circle at the top of Fig, 2.

Rows 9 and 10 of Table 2 describe the logic and tirming constramts
associated with an alert predicted by the Range Monitoring (RM) application,
depicted in Fig, 2 as RL. An RI Alert may be accompanied by an audible alert such
as, “Target Rarge™ and 2 text message on the display 32. Range Monitaring can
only be applied against a target 200 that has been selecied by the user.
Accordingly, the RI Aleit transition 260 sod the No-R1 tansition 262 cvents are
represented by arows Jocated adjacent the selected target state 130 and the selected
CSA target state 152 in Fig, 2.

18
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The RI Alert transition 260 is depicted in Fig. 2 by & leoping arrow
adjacent the selccted target states 150, 152 in Fig. 2. The arrow loops back to one
of the selected target states 150, 152 becanse an RI Alert doss net result in a
change of target state, although it does yesuit in an audibie alert aud an optional
text message. While the CSA, application predicts conflicts, the M detects targets
within & range limit, The No-RI trausition 262 is depicted in Fig. 2 by the same
Jooping arrow adjacent the selecled target states 150, 152 in Fig. 2.

Inprove/Degrade

I another aspect of the present invention, the target icon is changed
when fhe target data integrity improves or degrades. Whenever the turget data
integrity degrades, the arrows m Fig. 2 representing thiis change of status poimt
toward the center of the diagram.

Row 11 of Table 2 describes the process of changing the target icon
in 1esponse to degraded target data infegrity or degraded ownship data integrity.
The Info Degrade transition 270 is depicted on Fig. 2 as arrows pointing toward the
center AV.A. ADS Targer state 140. Tn one embodiment, the {arget icot i§
changed from a solid chevron to a solid bullet if data integrity degrades for at least
five seconds.

Figs. 4a and 4b illusirate the change in targst jcop that ocours n
response to the Info Degrade {ransition 270 of Row 11, Table 2, A high-integrity
target of interest is depicted using a solid chevron 20a in Fig, 4a. The same target
is shown in Rig. 4b, at a later time, after undergoing the Inth Degrade iransilion
240 due to 2 logs of integrity, a5 a solid bullet 22, communicating visually the fact
thiat the Larget integrity has changed fiom, high {chevron 20s) to Jow (bullet 22,

I and when dafs integrity improves, the target icon is changed as
showa i1 Row 13 of Table 2. In one embodiment, the tasget icon is restored 10 its
prior appearance. The Info [mprove transition 272 is shown in Fig. 2 as the arow
poinfing upward from the conter stafe 140. In one embadiment, the logic and
fiming eonstraints in Rew 13 will trigger the [nfo Imprave transition 272 if target
data integrity has not been in a degraded condition for at least three seconds,
ownship data integrity bas not been in a degraded condition for at least three
seconds, and no alert condition has been detected or, if an alert condifion exists, it
has been detectad for less than two seconds, In one embodiment, the target icon i3
changed from a selid bullet 22 as shown in Fig. 4b 10 a solid chevron 20a as shown
in Fig. 4a if and when the conditions for an Info Improve transition 272 are et
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Row 12 of Table 2 deseribes the process of changing the target icon
for a target 200 that has been selected by the user. Selection by the user typically
mndicates 2 particular inicrest in lgarning more detail about the target 200 selected.
Accordingly, in addition to and associated with the change in target icon by the
present invention, & degrade in the data integrity of a selpeted target may be
accempanied by an audible alert such as, “larget Degrade” and a text message on
the dispiay 32 such as, “TGT Degrade.” The Selected Info Degrade transition 28¢
is depicted on Fig. 2 as arrows pomnting foward the center state 140 fiom the
selected terget states 150,152,

In yet another illustration of the variety of possible farget states and
transitions that may occur, an improvement in target data integrity may occur
simultaneously with a CSA Alert. Row 14 of Table 2 describes this situation. In
ong aspect of the present invention, ihe farget icon is changed to reflect both the
integrity improvement and the existence of a CSA Alert. In one cmbodiment, the
logic and timing ¢onsiraiots listed in Row 14 will frigger the Info Inprove CSA
Alert ransition 274 if tarpet dafa integrity has not been in a degraded condition for
at least three seconds, ownship data infegrity has not been in a degraded condition
for at least three seconds, and a CSA Alert condition has been detected for at least
twa seconds. The Info Iraprove CSA Alert transition 274 is sbown in Fig. 2 as the
arrow pointing toward the fght fom {he cenfer stale 140. In addition to and
associated with the change in tacget fcon by the present jnvention, the improved
integrity and the CSA Alert may be accompanied by an andible alert such as,
“Traffic, Trafitc.”

Finally, as deseribed in Bow 15 of Table 2, when a target 200 15
lost, its status changes along the “info Lost™ fransition atrow 290 into the deubie-
cireled “Drop” stete 122 in the upper Jefl quadrant of Fig. 2, which represents the
finul state for & target 200,

Adjustahle Criteria

In another uspect of the present invention, the target data integrity
affeets whether one or mere air iraffic monftoring or coudlict defection applications
cun be applisd agoinst & particuler target 208. For example, if 2 target 200 has a
low integrity, then the pilot or uset may not select it and may nol execute a Rangs
Monitoring (RM) application agatnst it. The bulict-shaped target icon tells the vser
the target 200 is not avatlable.

In a related aspeot of tho preseqr invention, the user may adjust the
criteria used to determine the integrity of incoming target position data 210,
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including for critcria such as the tine limit, for cxemple, which is used 1o
determing whether the target position data 2190 is sufficiently recent to have high
integrity, In one preferred embodiment, the user may use the contrel panel 34 on
the CDTI 30 (zee Fig, 1) to manually adjust and set the upper and lower imits
applied to any clement within the incoming target sigogl. The capacity to adjust
the upper and lower limits of certain criteria permits the pilot or other user te tailor
the target icops to fit the particular need, and also permils the use of traffic
monitoring applications that have z variety of data integrity thresholds. Technigues
for adjusting various lirnits on a CDTJ 30 ate well knewn to thase skilled in the at,
Importantly, being able to adjust the integrity criteria will allow the user to enabls
ane Of MOrc range monitoring or conflict deiection applications that reguire a
specific level of integrity to function.

While this inveniion has been described in specific detail with
reference fo the disclosed embodiments, it will be understood that many vanations
and medifications may be effected witheut departing from the epirit and scope of
the inveniion as described in the appended claims.
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CLAIMS
What is claimed is:

1. A method for displaying a target icon comelated to farget data

ntegrily, comprising:

receiving target data from a source describing  position of a target,
suid target date including a plurality of spatial coordinates defining sald position, &
time of measurement of said position, and an zceuracy indicator;

mordtoning said target data dniegrity based upon said target dete
from said source;

displaying a target ieon from a plurality of icons fo represent said
warget, said target icon correlated to said target dala infsgrity; and

varying said target icon in response to a change in said target data
micgrity.

22

JP 2004-503033 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 0T05245

143

1'Q
%’

32

COCKRIT DISFLAY
OF TRAFFIC INFORMATION
(COTD
]

popaOoouso
popooooood
CONTROL PANEL 34

OWNSRIF
100
SYSTEM
&0
DISFLAY

Loi—|
LINK AND DISFLAY
BROCESSOR UNIT

TOT/USOLRTZ

)

£) s

2000~ 200b

G
MODE 8
TRANSPONDER

43 56

(LDFU)
40

YDE MOL 4 j
ol

RECEIVER

o
o

UNIVERSAL ACCESS

50
et 1090 RECEEVER

TRANSCEIYER (UAT)
L1

GPS RECEEVER
ki
WEATHER RADAR
52

TERBAIN AWARENESS
WARNING SYSTEN (TAWS:
4

SUBSTITUTE SHEET (RULE 26)

Lml__q

JP 2004-503033 A 2004.1.29



JP 2004-503033 A 2004.1.29

(41)

TOT/USOLRTZ

WO 0T05245

[il4
NOLLIaras

203
SUBSTITUTE SHEET (RULE 28}

TP
IATS H0
LOTIA

Lo L L L L L L L L L L L L L L L L L L L L L L L L L L L



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(42) JP 2004-503033 A 2004.1.29

WO 0T05245 PUTIUSOLAITZ
3f3

ADS-B AIRBORNE POSETION SIGNAL 83

TYPE CODE | ALTITURE | TTME OF APPLICABILITY | LATITUDE | LONGIIUDE
54 86 85 #1 a2

NUCp
£

SUBSTITUTE SHEET (RULE 25)



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

(43)

uboobooboboobdooboooboooboaoadao

WO 02/05245 A3

(12} INTERNATIONAL APPLICATION PUBLISHED UNDER TILE PATENT COOPERATION TREATY (PCT)

£191 World Incellectual 'ropecty Organization
Imernational Burcau

{43 Internarional Puhlicatinn Date
17 January 002 {17.01.2062)

{10} International Publi

WO 02/05245 A3

151} [nteruational Pstenl €lassificatian®: GURG 544,

L0y 1313
{20} Incesuatinnal Apphication Namber:  PCT/USOI/13072

(32) Interuationsl

Brate: 23 Apn) 2001 (22.04.2000)

(25} Filing Language: Englizh

{26) Publicarion Language: English
{30y Priority Lata:
10 Bl 2000 10.07.2000)
23 Qewsber SO0 (25 10LTL00;
13 Apeil 2O L i

{71} Applicaat: UNITED PARCEL SERVICE OF AMER-
LEA, INCL JHRNIS]: 55 Glonlake Parkswsny, Allunts. GA
AE2E (TS

(72) Inventore: ITORYATIL Stever 1694 1Tth Avenue.
Salem., OR #7%12 (1251 GROVE, Rohert: 1612 N,

LIS, PRATT, Juhw; 4577
02 Us,

Strech, Newherg, OR 971
Century Drive, Suken. O §

(T4} Agenrs: YOUNGL Jeifres. K. onal: Al & Bind TLF,
Bank of America Mlaza, Suiwe 4000, 01 South Trean
Street. Charlone, NC 28280-4000 11:3).

<81y Designated States tmationell: CACCN,IE,

(84} Designnded Stxtes svploned): Enropzm paien 1A
CH. CV. DE. DK, ES. FL. FR. CR. GR. IR IT. 1
NI, PT. S, TR),

Published:

with interuational seqech roport

(88} Date of publication of the international search repent:
27 Jume 2002

For pwo-letter condes and ather ahbevrations, refer lo the "Gud
anyoe Nates

ire €t eanad Abbreevinetivns” apgeariog af W brogite-

ning of vach rgular issue of the PCT Garotre

{54} Tith: METHOD AXD SYSTEM FOR DISPLAYING TARGET 1CONS CORRLLATED 10 TARGET DATA INTEGRITY

(573 Absteact: A methad s provided for determining Uk integrily oF coning target dats aid for assigniog and displiying  kreet

icenn Gl

el o U darget

vinkeeity, Tange! Qe incerity depends on the both accuraey and the dmelingss of the position data

Bving brogduast abour the 1arget, Tafet data inkegtity is monitored continuowsly te display @ target icon comelaled lo the curment

integrity level. Changes in the mrget won alert the light erew ar eliee wser 40

e in farged dla folegnty, The beon altibudes

used 1 communicale @ change in integrity do wat Tuterfens with other icon abples vsed by cormticate other characlelistics o g

gl

JP 2004-503033 A 2004.1.29



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

gbooogbodaoan

INTERNATIONAL SEARCH AREPORT

(44)

Inte onal Appiletion Ho

PCT/US 01713072

A CLASSIFICATION OF SUBJECT MATTER
IFC 7 G0&BE/04 G01513/03

Arncdie 1o memmanapal Pajent Chesaleon (PG ar 19 b nausnal cassts sfion sl 971

B. FIELDS SEARCHED

vpbe:| {1t itz v Tgssdicaan symegs]

i o
GOBG  EO1S

TR S
e 7

Rt AT sk e St thay

13 16 2 ] NS 3h SotUMEAIS A IRSIKICS 1 the N shirehed

Eletre

EPO-Internal, WPI Data

2 it s Pl ary e Wil iateat o) S ar: 1 (nat it <A RS A R [RCIICAL SRATC T e Lkl

C. DCCUMENTS CONSIDERED 76 BE RELEVANT

alegury © | 1300 o Drtwnent, s IILETNL ATEE A0 DLIT R PRLANS

Fliwspn f vclum N,

X EP 0 411 309 A {HOHEYWELL INC)

& February 1991 {1931-02-8&)

column 2, line 34 - line E¥; figures 1.2
column 4, line 27 -column S, tine 4
column %5, tine Z& - line 47

X EP 0 491 322 A {HONEYWELL INC)

8 July 1992 (1992-07-08)
figures 1,2

30 May 1983 (1989-G5-30)
figure &

|

A © US4 835 537 A {MANICN JAMES H)

D Furthur oucuimai e b ol convugln o uos G

Pajant larmuy members. are listad 1 anngs.

> Suetel Laleqonas ol g dotunms

AT ACanie oeline il RS 1 e 50 ke mnel

Onsanaled 1n b il felebe AL

e GO Bl bR 30 02 AT e TN sl

g il

1 stz e may throw taubks on pranl
wehetls 15 Salaas 13 ESLALIST 0 PubAe i o)
salalinn o sl SL A (Y St

X0 Gippumen: e 1 6 0l disnosae, Wse, DN Yon
wiher miang

B docunent pattisned pros L i mlerelcay ey gale ul
Rtk [hamy e penly ol SRy

tur
i

e

+ fORIIMRAE AR T ARG, TN clammed

1315 gogument puBhshad Rl he e
e nncery cale aud nolL Conlkd Wil e )
atict o sl Une omnphe of ienry wirdeslyen tte
e

aecument of pamicular relevance. the claimert mren
CINNCI2 COREIDHRE ADUH DF CANNG be Congkere
Weridiix A IEVONHING: 5100 WIGN TR GOUMENT 1 1aken 2kone

ion

CHANDI D6 CONSIDENED L0 OXD1/E BN IVBTKIVE SI6P WIE W

chosuine e 15 Gt e vkl o 1 Mg Of ke e docu-

TPntK, SUGH o on ba g G o o e skl

Wl arl

Fogument member of the samé falent 1antily

fikne ctale
il bt

Tatts 4 M BTl CANREA I 1 1 ARG, 5]

23 January 2002

[1a1 01 miadng 2f [ wigmafional seare ropor

01/02/2002

Name ana maikng ASIress Of e KA
Furopran Farenl Ofice P B 53K Palenibian £
KL - W (1M e
2 Tel §231-70) HO-FR0. Tx 103 200 B
Fac 1481 HE-2016

AN DRk

Créchet, P

Foam P S0 10 e s abhenty ¢

JP 2004-503033 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

INTEANATIONAL SEARCH REPORT

.tormation on patant tamily membors

(45)

Inte’

‘onut Applicaticn Ho

FET/US 01713072

| document Busly Satent 1aemty #aplcation
2 led 5 seatah e P e ber (s e
EP 0411309 A 06-02-1991 €A 2017331 Al 31-12-1990
EP 0411309 Al 06-02-1991
Jp 3040200 A 20-02-1991
) [ anzIe3 A 02-01-1991
EP 0493822 & 05-07-1992 U 5179377 A 12-01-1933
cA 2056030 Al 01-07-1992
1 0 69120789 D1 14-08-1996
! DE 69120782 T2 13-02-1997
DK 493822 T3 11-11-1526
£P 0493822 Al 08-07-1992
£l 916039 A 041-07-1992
IL 100145 A 31-08-199%
P 3160726 B2 25-04-2091
JP 5067300 A 15-03-1993
KR 221712 B 15-09-1%99
WO 914834 A 01-07-1592
1S 4835537 5 30-05-1989 NONE

Egi BT GAI2Y3 rateesd R o s ok

JP 2004-503033 A 2004.1.29



(46) JP 2004-503033 A 2004.1.29

goboogoooon

(81)DOOOOOnO EP(AT,BE,CH,CY,DE,DK,ES,FI,FR,GB,GR, IE,IT,LU,MC,NL,PT,SE,TR),CA,CN, JP

(74)000 100098268
oooooooo

(74)000 100100549
ooooooooon

(72000 00000000000
00000000000000000000000000000000000000000000
ooo

(72000 000000000
00000000000000000000000000000000000000000000

(72000 00000000
0000000000000000000000000000000000000000

0000 (D0) 5H180 AA26 BBO4 BBIS FFO5 FF27 FF32 LLOL LLO6 LLO7



	bibliographic-data
	abstract
	claims
	description
	drawings
	international-document-image-group
	search-report
	overflow

